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IT. SUMMARY 

From the exper inental investigation detailed herein it 
has been determined, at least for two types of struts, that there 
is a very close correlation between (1) the experimentally detor~ 
mined buckling lead which a given strut will sustain and (2) the 
critical lead determined by the use of Southwell's method, whieh 
does not entail leading the strut to dite critical load. By using 
an initial eccentricity and loads considerably less than the orie 
tieal, the oritical load my be derived from the results of three 
or — simple test readings, not requiring an elaborate or refined 
seture 

Experimental verification of existing theory of lateral 
buekling is noted forthe oase ef struts tapered to a point at the 
application of the loading. 

The possibility of determining the eccentricity of a 
given leading by plots of P/p vs B is pointed out ond the type of 
curve to be expected is noted. However due to lack of es Siem 
of’ the experimontal setup, no definite conclusions are presented. 

The theoretical portion of this thesis offers the deriva= 
tion of a formula for the lateral buckling of a thin linearly taper 
ed strut of constant thickness. Due to the complexity of the problen 

sertainsimplifieations were made to facilitate this derivation. 

Comparison of the values determined by use of this formula 

with the velues experimentally determined for four struts shows a 


fairly close correlation, 


= Gee 








It is suggested tt in some future work 4 more thorough 
investisation be mde of the reletion between the eccentricity of 


the loading and the load which a strut will earry, using a siven 


deflection as a parameter. 








TI. INTRODUCTION 

In eeronautical design there aro several instances in which tho 
laterel stability of thin tanered struts io of importance. Spocifie 
eally one micht mention as examples: (1) oxvosed wind tuwmel struts, 
and (2) airplene external antenna msts. In each ease it is oxtremely 
important that the thimest possibic section bo used in order to reduce 
disturbance of the air flav and hmce drag, toa minimm At the sam 
time it is required to carry as high e load cs possible without bueke 
lin: or deflecting excessively. 

Very littlo literature or oxporimertal deta on this particular 
problom of latoral stability has been vublished ond most theoretical 
treatises deal only with the general problem and do not cons idor spe= 
eific apolications. This lack of informtion is even freator for 
eccentrieally loaded or truncated struts. 

' As a thesis project it was proposed to mako some experinontal 
tests on struts of various plarnforms ani thickmess ratios. In addi- 
tion it was proposed to dovelop formulas which micht be used in 
calculotine ecritioal bucllinc loads for leterel stability of (1) thin 
strite tapered to a thoorctical noint ot tho point of anmlication of 
loadine and (2) thin struts, tapered but trunceatod. 

The purpose of the experimental work wes larcely three-fold. 

(1) Timoshenko, Reference l,referring to a German report by 
Fedorhoter, Reference 2, gives formlee wiich civo tho orislaal ducla» 
ling load of a thin strut where the depeh of cross section varios 


accordine to the law: 


Reference 1: S, Timoshenko, “Theory of Plastic Stability", p. 2498250 
NoGrawellill, 1986. 


Yoferenco 2: K. Federhofer, “Reports Intornational Conzress of Applied 


Mechanic ae Stochkhola, 1950. 
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h ae h ( 1 - = Ji 
where 
h = depth AawG root 


2 = longth 


u 


g = coordinato along; length 
n= some value which corresponds to typo of taper. 


The eritical buckling load is sivon ass 


P =n \B, Cc 


er ’ 3 
whe re 
Bs and C = flexural and torsional rigidities of fixed end 
of a cantilevor strut 
mn = factor depending upon 'n' above and upen type 


of loading. 
It was dosirod to check these results expe sineneally and this was dorm 
for two aluminun models of thicknoss/dopth ratios of 1/48 and 1/86 at 
the root. 

(2) I¢ wes desired to obtain exporimontal buckling loads of trun 
cated thin struts which could be checked with critical loads to bo worked 
cut theoretically. Aluminum and stoel models of thioknese/depth ratio 
1/28 at root and 1/4 at the tip were tested oxperimentally. 

(3) Southwell, Roferenco 5, hes indicated a method of determining 
the oritioal lead from test data within tho elastic regime. All modols 
have been subjected to this analysis. 


Reference St PR. V. Southwell, “Proceedings Royal Society", London, 
series ji, Vol. 135, p. 60, 1952. 


=Ge 








— PB: " ——— 4. . ao fi 
sect tne @xis of 









Lae procedure and ian obtained are adbol in st 


Sienialali’ results are noted in section V. 














TIT, EXPERDONTAL APPARATSS 
A. THT SPECTR 

All tost specimens were of the scmae tync belne cut Prom 
1/3" (annreximtely ) sheet cold rolled stcel or 24 ST aliwmimm, 

All struts were desipned for an effective lencth (from edre of end 
susvert to noint af loading) of 13, with varyin: de:rees of tapor 
fron varyinc root denthe. Thickness remincd essentially constant 
throurhout, thouch it would perhens heve Seen desirable to have 
models with taper in tiro directions. 

4% no point in the models was shoar foum to be critical, 
Howover in designing the ende of the models to cerry the Imife edge 
it was necessary to carry the Imife edcre suvszort xack alon; the model 
far onouch to obtain sufficient descth to resist the bending nmonmont 
in the ye plane. 

See Apoendix . for drawings of all models: 

‘Model A «445 root depth, aluminum, tavered to point 
Model B 6.0" root depth, aluzinua, tapered to point 
Model C Se 5 root depth, alunimm, truncated 
Medel D 5.5. root dopth, steol, truneated 
Be DESCRIPTION OF PIYSICAL SETUP 

See Apoendix 3B end C for drawings end vhotosraphe of setup. 

A first consideration wes to obtain complete ond fixity as 
nearly as vossiblo. The models were hoavily bolted by means of two 
steel 2 x 2 x 1/4 angles, onc on each side, to a heavy permnent steel 
backplate. The flange faces on opposite sides of tho model were scored 
heavily so that when the through bolts were tightened the flences would 
bite into the models, It is belicved complete ond fixity wee obteined, 


for throughout the tests the indicators returned to gero when the load 


=~ 











was renored, excopt as hereinafter noted. 

Care wac taken to mount the model with the yeaxis vertical 
and the geaxis horigotel. 

1 second consideration wee to obtain the desired loading 
at the desired point. Sy mowmting the z-axis of symotry horizoutal 
and by applyinc the load in @ vertical direction, a loading perpendie 
cular to tho strut axig wes assured. The strut and knife edre were 
desicned so that the leadin= odcre vould be on the axis of symmetry. 
In addition it was desired to have o transverse xeaxis motion of the 
knife edre to provide for eccentricity of londing. Use of set screws 
as shown in the knife edge detail ellowred this eccentricity to be 
introiuced. (Hote: In this experiment the eccentricity edjustment 
was not vory precise, since the sot screws imbedded themselves into 
the models to a varying end ummeasureable degrec. In addition, there 
was a tendeney of the screws to climb on tho model when turning and 
of thus twisting the mife edge. A suggested alternate screw design 
is shown for future work. Also it is suggested that some moans for 
keevine the knife edge aligned with the z-axis be introduced). To 
allov the knife edce to seat more casily on the model, the surface 
of the ane was groovod, civing, in effect, two mrnellel lines of 
contact for the knife edge to seat on. 

The loading was accomplished simply by hencing weights in 
@ pan, through a saddle, over the lkmife edge. Zo avoid dynamic londe 
ing and to prevent buckling failure premturcly, a jack wes vwrovided 
uMer the weight pan to apply or relieve loodins. 

A fourth consideration was to meosure deflections. Anrular 
deflections, due to their greater ecse of moasurement, wore chosen 


rather than dowmvard or sidewiso deflections, ac the deflection 


= 
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paremetor in all considerations. it was felt tmt e simple mechanical 
pointer would suffiee if sufficlent magnification were provided. Come» 
soquontly a 50 arm wes clamped securely on tho edge of each specimn, 
the arm being demowrteble so that the same pointer could be used on 
successive models. <A piece of millimeter graph peper wes mounted 
behind each ond of the pointer with its coormlinatees in the vertical 
and horizontal directions. In order to obtain a measure of the engle 
of twist of the model it was only necessary to measure the difference 
in the vertical deflection between the two onds of the pointor. This 
effectively considers the angle as bein; directly proportional to the 
Sine of the angle. This ayproximation is velidf or the small ancles 
which we are measuring. The millimeter craph paper was adjusted for 
each model so that the vointers would read outs in each ecordinate 
before application of load. It was found that the position of the 
pointer could be estimted to 1/10th of a millimeter. Side deflootions 
of the medel caused one end of the pointer to rub on the indicating 
panel, thus introducing a slight stabilizing moment. This moment wes cone 
Bidered nerligible due to the use of a vointer of very small rigidity. | 
Co. TESTING PROCEDURE 

The model was set up in tho rig as indicated in 3B above, and 
_ the reading seales set so that the pointers read goro. Loading was 
aoplied in varying ineroments depending upon tho size of tho model and 
upon the proximity of the applied to the critical loads. This first 
loading was to determine the experimental critical load for strut, or 
the maximm centrally apnlied load wich strut would support with de 
flection in the yz-plene only, and above which tho slightest external 
disturbance would cause the strut to buckle. The kmifo odce was first 


placed at the amroximate center of the model. As loads were apvlied 
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the model would tend to deflect sideways in one direction, or the 
other. Accordingly the Imife edge would be moved »%y moans of the 
adjustment set screws, in a direction opnosite to tho motion. This 
adjustment wes made with the load largely rolieved by meane of the 
jack. Then the load was applied azein and the process repoated wut il 
doravard dof leetion only was noted. Additioml weights were edded 
until another side deflection wes noted, ami the Imife edge adjutte 
ment process repeated. Finally a losd wes reached where the slishtoest 
movement of the Imife edso in either direction would cause the strut 
to buckle in that direction. This load was taken os the experimental 
eritical load, and the pesition of the Imife edge as the sero position , 
for that strut setup. 

The knife edge was always shifted with some, but not all, | 
load applied ta facilitate seating of the imife edge on the strut. 
Refore londs wore applied or taken off, the jack underneath the pan 
was used to take the load from the knife edze and hence from the strut. 
Following the locating of the gero point of the knife edze for the pare 
tleuler model sotup, a certain Settee of eccentricity of loading was 
introduced by shifting the imife edge. As weights were added, readings 
were taken, at various loading staces, of the accwmlated loading and 
of the pocition of the pointers in the y and x directions on the indi«# 
eatins paper. Then the secentricity was increased and tho procedure — 
repeated. This vrocess was carried out until the knife edge was loceted 
almost at the edge ef the model. 

Since it was not desired to oxceed the yield strength in these 
models the angle of twist had to be held within some limits, oxcept in 
the final runs. The readings wore rouchly plotted as they were mde 


and when the flat ef the curves of difference versus load wes reached, 
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no further readins were talon. 


_ 


Betweon each change of eccentricity, zero readi ml | 


absence of yield: _ . 
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Peges 15 to 45 present data in tebular forma. The 
different runs represen diffcorent eccemricitics as 
noved, and the date is preseted in six coluwms as Pollo se 


pus 


) Cuwnulative loeding = Pe 


nD 
<s. 


Reading in the yedirection of the left end of the 

pointer in millimeters. 

(S$) Reading is the yedirection of the ritht ond of the 
polntter in nillimoters. 

(4) Reading of edther right or loft end of tho voint 
in the xedirection in millinctors. 

(5S) Difference ‘glean readings of tle two ondc of bh > 


xointer in millimetere. WOT: This difrerence 





(DIT".) as hes been poitted ors, is tekon ac din 
and linoarly roleted to the anrle of triss P, and is 
used in plece of 6. The units of DIFF. are nillt site 

1 plot of DIT. ve B is included in apoondix De 
(G) Difference divided yy the cumlative loadin: ~ my Pp /P 


This colum has not been ealeulated for all mms. | 
Pace 45 contains tabuler datn of ccoentriecity and ar (sec Thro 
duction) Cor tho various nodele. This dete is token frai 
clarts 3, 2, F and NH, and from the tebular dete. 


2e Graphical Tern 


Pisures A to 7 (paces 46 to 54) show results in prephnieal 





form. 12 of the tebuler date has not eon plotted since mry 
- 


eurves would co Llercol coincidoens, Tliuctretive curves Ere 
: SNOT. 


re 
a ta 











Agnin, DIPP, stands for difference which is directly proportional 
to the ancle of twist B (sec Appendix D), and the mits of DITP. ere 
millincters. 

Curves are leboled as RT L, etc. Thoso tors correspond to 
various eccentricities which vary for the differen runs for diffarmt 
mnodcls. Hawover eccentricity increases as the mm mmbora increaso. 

Figure © shove curves ruming to what might be considered a nerae 
tive difforence. This wes duc to a reversal noted on this model. At 
low eccentricities and loads tho model boran to trict in me direcsion 
and thon switched its diroction of twist as the load wms increased. 
This was considorod due to initial twist in the model. 

Fi-sure I shows craphical form of eccontricity vs c 
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Vodel A 


Aluninun 4.5" root depth -O= tip depth 0.125 thickness 





@) Ae) 1) ae 
Critical Run Eccentricity = = 0° 
8.5 
33.6 
44,0 
54.3 
64.5 
69.5 
70.0 
70.5 
71.0 
(1) (2) (3) (4) (5) (6 ) 
Run 1 Ee@entrieity = . = OFO0LS 
e366 022 =223 a0. 2.1 0625 
44,0 0.2 28-9 aa 2.7 .0624 
1620 gap aA ju gee 
54.8 0.1 509 =—0- 3.8 .0700 
59.3 0 =4,4 +0.1 4.4 0742 
61.3 +0.2 tite: 8 0.2 5.0 0815 
63.3 oe a5:2 0.4 5.6 .0884 
65.5 oa 20 0.6 7.1 1084 
66.5 1.6 6.4 1.0 8.0 1203 








(1) (2) (3 J (a) (8) (Cc) 





Run 1 (cont'd ) Decowricity > = 0.00195" 








67.5 Led @7.3 1.5 9. 6 e Lacs 
68.5 Sel -8,7 £64 12.4 ~ 1810 








0.7 $.9 +02 4.6 
ke® “5.2 0.4 6.4 «1180 
1.9 “6.5 0.8 6.2 1564 
2.4 -6.9 1.5 %3 .19a0 
2° 0 1.5 1.1 2 
529 8,8 2.1 8.7 #11968 
4.7 -9.6 2.6 14.3 «2180 
5.2 10.0 3.0 25.2 2800 


5.8 





5.5 16.7 02510 





7.7 e126 4.5 2065 





























(i) (2) @) (4). (5) 
Rm 3 Heoentricity — ?- 0.00586. 

$3. 0.8 =3.2 -0- 4.0 .1191 
44.0 1.2 =4.8 90.2 5.5 1251 
54.5 2.2 “6.2 0.6 8.4 .1543 
59.3 3.2 “7.7 «1.5 10.9 .1888 
61.8 3.9 “8.4 91.7 12.8 2006 
63.8 4.9 ~9.8 92.5 14.7 2320 
64.8 6.1 10.8 8.2 16.9 .2620 
65.5 7.2 j.=-12.0 8.8 19.2 .2982 
66.0 7.9 12.8 945 20.7 1.3154 
66.5 8.9 13.9 49 22.8 5428 

(1) (2) (3) (4) (5) (6) 

Run 4 Eccentricity = =+ 0.00780 

55.6 1.2 “3.7 022 4.9 .1458 
64,0 1.8 -5.0 0.4 6.8 .1546 
49.0 2.2 “5.9 0.5 Sel 1652 
54.8 5.1 =7.1 1.0 102 41880 
57.5 3.8 “8.1 «1.4 11.9 .2075 
59.8 4.5 “8.9 1.6 18.4 .2260 
61.3 5.4 10.0 2.4 15.4 22611 
62.8 6.1 10.7 2.8 16.8 .2698 
63.8 6.9 11.6 5.8 18.5 .2920 
64.5 8.2 «12.9 40 21,1 8278 
65.0 8.9 18.7 =<4.4 22.6 48478 
65.5 9.8 14.6 «5.0 244 43722 























(1) (2) (5) (4 ) (5) (6) 
Ra 5 Tecontricity = = 0.00977 
sod Clas BCC Ce 
460 2.1 8&3 0.4 «7.4 21682 
49.0 8&9 68 0.6 0 £.1886 
6.5 SY %SF 2.2 abe 2200 
57.8 1.6 <<@.8 1.6 .i8.¢5 .eES7 
69.8 58  <97 1«2.1 149 .2522 
61.8 68 10.8 2.6 1%.2 2787 
68.8 7.9 12.6 8.7 20.5 .3287 
645 9.8 <242 5 2567 28676 
66.0 1002 <1d0 61 26.2 8860 

i 
(1) (2) (S$) (4) (5) (6) 


= 0.01170. 





Run G Tccentricity = 
006 / 1.6 =4.0 02 OG « L667 
64,0 Lek 5,4 0.5 1e6 0 L728 
49.0 28 -6.4 0.7 O62 » 1878 
62.0 Sed @7.2 1.0 10.5 2019 
54.5 5.4 7.8 1.4 11.9 0215S 
5603 4.3 -8.6 1 12.9 2290 
58.38 Del 9.5 oO 14.4 02270 
60.35 6.6 “10.4 2.4 16.4 entlg 
62.58 74 11.9 Set 19.5 05098 
65.5 6.5 12.9 Sel 28.2 05048 
64.5 9.9 12.7 4.8 24.6 03015 











- 














(1) (2) (Sj 4 } (oe G ) 
Rn 7 Teeontricity = 9,01562. 
35.6 1.5 “3.9 Ose 5e2 1549 
44.0 fat “5.4 0.4 765 1704 
29,0 bz7 “6.2 0.5 8.9 1088 
54.5 5.6 Sig 1.2 23.8 2080 
59.8 5. -9.4 2.2 14.5 .2445 
61.8 6.8 alte 2.6 27.0 2772 
65.3 7.9 o1B4 $.6 20.5 8205 
(1) (2) (3) (4) (8) (G) 

Run 8 Lecentricity = = 0.02542" 
35.6 Tey =4,0 0.2 5.7 1696 
14.0 a6 “5.7 0.4 8.0  .1629 
49.0 3.0 6.7 0.6 9.7 1982 
52.0 3.4 7.2 1.0 10.6 2089 
54.5 4.0 =3.0 1’ 20 sel 
56.3 4.6 =8.8 1.5 15.4 .2880 
58.8 5.8 «9.6 2.0 14.9 .2555 
60.5 6.8 10.7 $6 17.0 .26i7 
62.8 a 538 20.0 .se@22 
64.5 10.8 25.1 5.1 2564 3940 


























sy a) (3) (2. | (5 ) AG). 
Rm Tecexntricity = 0, 93125 
a. 2,2 Ht, 6 0.2 6.8 208g 
41.0 be? =6.5 0.6 98  .2160 
49.0 .o =s 1.0 We .2826 
54.8 5.2 ~9,1 1.7 @45 .265¢ 
56.3 5.9 =9.9 2.0 15.0 2805 
58.8 6.9 zl 2.6 28.0 .s0e4 
59.8 74 a8 6.90 149.40 s8889 
60.8 G2 «Ab 3.4 20.5  .3400 
61.3 8.9 <&3.5 $.8 29.82 8620 
61.8 93 13.8 4,0 281 3740 
62.5 9.8 14.3 4.4 24.1 3866 
i 2 4) 5 G 
Run 10 -Fecontriecity « = 0.03905" 
58.6 5.3 ~5.8 0.8 2 .2708 
G4.0. 4.9 “8.1 1,0 15.0 .2955 
47.0 5.8 =9.1 1.3 1&9 28170 
49.0 6.2 ~9.8 1.6 26.0 18262 
51.0 6.9 10.6 2.0 17.5 .5480 
58.0 7.7 11.4 2.8 192 .8605 
54.5 8.2 912.1 2.5 20.8 8735 
55.8 8.8 12.8 2.8 21.6 .3905 
56,8 9.8 18.8 8.2 22.6 .4010 
57.8 9.8 <16.0 5.4 23.8 4150 
58.3 10.7 14.8 8.7 25.5 44870 
69.5 12.3 25.8 4.2 27.1 24565 


= 
wae 


C- 








wy) (SJ (4) (5) 


: = a vestpnertl soaapnaaingeoatmacnanctane aiken a ees 
nnn ee ee we 


ff ? e a ) = i. wea -@ 4 1 235 > ay 
1 19 (cont* » “ccentric a. - meaner 


euehettenes ~~ i> a ARES ALI ia: satiate anes 
ae — a 


i. ar 
-18.0 5.4 


) - . 


_ = a 
64.5 21.5 <26.2 10.0 47.5  .7570 

















S14 
- 


34.7 
. 












"7.2 wale 6175 





G5.0 24.2 29,2 11.5 58.4 ~8210 


65.5 buckles 














liotel 3B 


n t 
Aluminiza 6 root depth (Oe tip depth 0.125 triokmss 


(2) (2) (3 ) (4) (5). @) 
Critical Run Ecconbricity = =—_ 











a ol a = a 
Run 1 Heeentricity = . =~ 0.00195 





Soe -9.7 7 eo 0 e SOCO 


79.4 +0.3 “S.1 Led 50% 0429 





91.2 6.1 =9,8 5.4 15.9 ol 74 
92,2 8.5 12,0 Ge 20.3 02205 


92.7 9,4 ~13.5 7.9 22 69 22470 


aoe 











(5) (GC) 
= 0.00195" 


(1) (2 ) (3) (4) 
Rim i (cont'd) Neecentrictty ~ 








13.3 @-18.0 10.2 51.8 00405 





Q)@) 8) (4) ) 




















Rm 2 fRecentrieity= = 0.00890 
S56 2 -0.5 0a (ie iCt‘«é‘(C«‘ OOS 
6.8 <0.4 <2.F 88 1.5 .0222 
69.2 0.2 “2.5 0.7 2.5 0361 
ra 6 “3.9 16 0 .0680 
64.4 2.4 95.5 2.5 7.7 0912 
86.4 5.8 =6.3 $.8 9.6 1213 
89.2 5S «8.7 445 14.0 #41569 
90.2 6.5 100 5.5 16.5 41850 
91.2 7.8 s1MK7 6.3 195 .2135 
92.2 10.0 914.2 8.0 24.2 .2625 
93.2 18.0 18.0 16.0 $1.0 48825 
(1) (2) 5 (4) 5 ) G 
Run & Eeoontricity = aes 0.00586. 
$2.6 <0.3 5 (om 67 
S58 -0.1 «8.0 0.6 69 
69.2 3 2.8 1.6 Bei 
6.4 i189 duet 2.0 89 
4.4 8.1 «6.0 8,8 962, 

















(i) (2 ) (SJ (4) (5) (G) 
Run S$ (cont'd) Hecentricity = = 0,00886 - 
se.¢- 0 1 «8.8 ‘Ted 
6 «6 =$0 «0 6m, 
ssh (ii kl 
89.2 G2 999 5.2 162 
91.2 921 15.2 2 22.8 
92.2 11.4 <26.1 8.6 287.8 
92.7 1863 91709 = 8 SL 

Q) (2) (3) (#) 8) 

Run 4 Tccentricity = = 0.00780. 
53.6 ©. <i 08 46.6 ene 
58.6 40.1 <-2.2 0.5 2.8 40892 
60.2 #8§8.6 <822 1.0 5.7  JO58e 
74.2 1.0 «8.7 28 47 .0684 
7904 169 “<7 2.0 66 .0852 
ses a8 ‘ame 6 739 ose 
84.4 3.4 96.6 §.0 10.0 41185 
86.4 4.4 «7.7 85 121 41400 
o.4 te 0.5 4% 16.1 7H 
me 76 218 «ce tr .Bned 
92.2 18.1 168 88 294 .8187 
9.2 16.6 <80.2 10.5 86.8 3945 


























(2) (2) (5) (4) (5) (6) 
5 Eecentricity = - 0,01270- 
$5.6 0.2 -1.1 0.2 0.9 0268 
58.8 740.2 ~2.2 0.5 264 .0408 
69.2 0.7 “3.1 Fo) 5.3 0549 
7402 1.2 =3.8 1.5 5.0 0674 
79.4 2.1 =4.8 2.0 6.9  .0869 
81.4 2.6 ~5.4 2.4 8.9  .0983 
84.4 8.8 -6.8 $.2 10.6 .I2se 
66.4 4.9 =3.0 4.0 12.9 .1498 
88.4 5.6 -9.8 5.0 15.4 1745 
90.2 9.2 12.2 6.4 21.4 2610 
91.2 11.2 14.8 8.0 25.5 02790 
92,2 14.1 17.6 9.6 31.7 3440 
1; 2 § 4 J 5 G 
Rm 6 FEecontrioity = = 0,01562" 
85.6 -0.2 #1.2 0.2 1.0 ,0295 
58.8  +0.2 ~2.2 0.5 2.4 0408 
69.2 0.8 “5,2 1.0 4.0 0.578 
79.4 @.8 #5.0 2.1 Y.e «0907 
BA.4 4.1 -6.9 $.5 11.0 .130 
86.4 5.2 -9.1 4.0 14.3 1656 
88.4 6.9 @9.9 5.0 16.8 21900 
90.2 9.4 12.8 6.7 22.2 «2462 
92.2 14,2 17.7 9.5 81.9 «5460 
92.7 16.9 19.6 10.2 33.5 S580 





oP 5 = 

















(2) (2) (3) (4) (5) (G) 
mm 7?  Becentricity = — 0.01950. 

5526 -0.1 o1.2 0.2 1 
6.8 «(04S 0ClUlSCSt(ité‘iSS 
2 69 Ss 60 &® 

a4 6060klwelC( UFC 
9.4 €3 <2 5.6 eS 
o4 6520 6S lUC Ok 
om: 7:6 ee 34 Daz 
9.2 98 «18.0 - 6.9 22.8 
92.2 146 28.1 %6 $2.7 
92.7 16.8  <20.0 10.8 36.8 

(1) (2) (S ) (4) (5) (6) 

Run 8 Eccentricity = = 0.02342" 

55.6 0.2 <32 Of 1.4 .O€17 
BB.8 led 29 0.6 40 .0680 
69.2 1.9 j\|T<0 18  =& 6 OCs 
rae 060680 tC i7GSti«C OS 
79.4 89 6.58 85 10.2 2286 
<4 83847 866m?) 0606'S )0|6CTo eae 
4.4 62 <8 40 1.0 .1895 
6.4 7.7 4-106 6.0 18.5 .2220 
86.4 10.0 12.9 65 2.9 .2890 
90.2 13.4 16.7 85 80.1 48350 
$.2 16.8  <19.8 120.0 86.0 .8&50 








ae 




















c) S ) 4 5) (6) 
Run 9 Feeentrictty = = 0,02780° 

eS. 0. “1.7 0.2 2.0 

~ 58.8 1. “3.4 0.6 a7 
69.2 2.6 ~4,9 1.5 7.5 
74.2 8.4 5.9 2.0 9.8 
79.4 4.9 #7. 5.0 18.2 
81.4 5.8 87 $4 14.5 
64.4 7, 10.4 4.5 17.9 
86.4 9, W124 5.5 217 
68.4 11.9 25.2 7.8 27.6 
89.2 13. =16.5 8.0 29.7 
90.2 15.5 18.3 9.2 S41 

fim 10 Lecontricity= | = 0.08125" 

35.6 1.1 =2.0 O02 Sel 0922 
58.8 e, =4,4 0.8 71 6.1208 
69.2 4,2 “8,8 1.8 10.5 1517 
7402 5.8 “7.7 2.5 18.0 42752 
79.4 §=748 —9.6 8.7 fe  senes 
81.4 93.6 -ll2 465 19%7 .2420 
83.4 9.8 12.7 5.4 22.5 «2700 
65.4 11.8 24.8 6.5 286.6 .3117 
87.4 14.4 <17.8 8.2 52.2 8605 
88.4 16.4 <19.7 9.0 S62 .4085 

















(4 ) 


ae (5) 
Run 11 0 3=6fecorbtricity * 
55.6 1.4 2266 
58.8 566 ~368 
69.2 ed -7 04% 
74.2 6.8 -9.1 
7924 9.2 11.6 
81.4 10.5 #15.0 
85.4 lel ~14.8 
85.4 13.2 17.1 
87.4 17.5 20.5 


(5 J 


“oO 


8.9 


(6) 


" 
~~ O,O0UED 











1.7 


58 


5.8 


~2.6 
“53.7 
~7.9 
~9.7 
“12.2 
215.8 
“15.7 


18, l 


#15, 3} 














(1) (2) (3 J (4 ) (5) (G) 





tt 

Ran 13 38 Eccentricity = = 0.04690 
£3.6 1.8 @o2e7 Oecd 4.5 
58.8 59 “5.7 — 1.2 9.6 








85,4 15. 2 18.0 le 5 S360 
0 ee (3 ) (4) (5) (S ) 
Run 14 3 Fecentricity -- - 0.05466. 
ao~6 1.9 5.0 Og 4,9 21459 


51,¢ 12.6 #15.2 5.8 27.8 20410 
83.4 14.6 17.2 7.0 31.8 eo8L0 
85.4 16.9 19.9 8.4 36.8 e 4510 


90.7 buckles 











podel C 





fLluninm 8.5 root depth 0.5 tin depth .0.127 thickness 


(f) (2) (5) (4) (5) (Ss) 


. ” b —_— - 
Critical Run Lecentricity = =. 





cOel2 
S952 
49,67 
59.95 
GO. 95 
61.98 
62.98 
63 «95 
64, 9% 
65. 95 


66.93 





(1) (2) rn Ce (6) 
Run l VUcceentricity = = 0,0018 " 





CJeie wl.2 0.35 0.1 o3.4 00157 
H95e el.7 “1.0 — ok Oe 20278 
“987 2.0 “lee 0.2 2.3 eO1GL 
59.55 2.2 “1.9 0.4 20.2 00035 
64.93 1.1 “ed 1.6 2.2 20559 
65.95 70.5 -5.1 Sef 5.6 20050 


66, 45 Bek @7 7% Del LOea3 2 46E5 




















ir ? =~ - 
(iy et J a) (4, (5, oy 
rT 
am 2 Weeemtricitr = = 0.0386 





_ Se ow ol. —O.C €..4 Poel 0080 
ei.8: wih -l.i e.1 =0,5 sOL27 
42,07 «1.3 -1.0 . Ao x= 


S407 o1.0 -1.8 o5 =.i on 8 


5a. <1. =2.8 9.8 40.5 008s 





2.9 0 1.5 2.2 
ae 43 +.6 2.0 5.5 
i a s) 2.2 4.4 





“Sle 


























(2) (2 (SJ (4) (5) (6) 
Rm4  Decentricity = = 0,007 
fo,15 =0.9 “1.1 0.2 0.2 sneeo 
8c ~24 “1.3 0.2 om! eon 
49.67 1.5 ~1,9 0.8 0.4  .0080 
54.67 «1.3 B.2 8 0.9 0165 
59.98 «0,6 “S02 pes 2.4 0400 
61.95 +02 =509 2.0 3.7 0596 
62.93 0.8 =4,6 2s 4.9)  0T%O 
wsede 12 =5.6 302 6.8 1065 
O95 §5,1 ~7.6 4.5 10.7 .1648 
a) @) (0) jd Gh 
15 Peeentricity = = 0.0104" 
E9012 0.9 1.1 Oa 002 
39052 lel “1.4 0.2, of 
49:67 1.5 “1.9 0.5 0.6 
567 <1. “2.4 0.6 1.2 
$9.93 0.5 “23 1.8 2.0 
61.95 0.1 #4, ®.1 he 2 
65.95 1.7 ~6.0 5.8 Bi 
64.93 3.8 «3,1 5.0 =A 8 
65.43 5.4 10.0 6.5 15.4 




















(1) (2 J (5 ) (4) (5) (GJ 
Run G6 Tecontricity - = 0.0156. 
cdele 90.9 1.1 0.1 of 2 OO69 
Suece oll -1.4 0.1 0.5 20976 
49.67 1.3 “1.9 0.4 9.6 o O21 
54.67 «l,l =2.6 0.6 165 00274 
69.95 0.7 “505 1.5 2.8 e 0467 
61.9%  +0.2 4.2 Cel £4 eO711 
63.95 a 6.2 366 ak «1268 
64.95 4.0 @3.5 0S 12.8 01894 
65.45 Sail -10.7 720 16.6 02558 
(1) (2) (3 ) (4) (5) (G) 
Run 7 Fecentricity = = 0.0208 
E9elE 20.8 -1.1 0.1 0.3 
59.52 1,9 -1.6 Ove 0.6 
49.67 1.1 O08 0.5 1.1 
54.67 0.9 “2.7 0.9 t 6 
57.67 6.8 e260 Let 20% 
59.958 0.2 “509 1.7 Sef 
GO.98 W.e of, Cel 4.5 
61.% 0.6 4,8 Led 564 
62493 1.6 -5.6 509 6.9 
63.95 206 -G.9 4.0 9.5 
64.95 9.0 9.6 6.0 14.6 





fe 
ba) |e 











(i) (2) (3) (4) (5) (GJ 
kun 8 Fecentrieit: * 0.0260" 
adele =—O.7 1.5 0.2 0.6 «9296 
9.32 8,8 -i1,9 O68 bet 29230 
49.67 9.6 ae 0.6 Ceo 2 0465 
54.67 0.1 a5. lec ued eOGE1 
56467 860.1 —4.0 ..5 del ©0725 
98.67 0.7 o4.7 200 Hed 20920 
59.95 1.é Wet: ook 6.4 2 LO69 
GO. 98 1.5 a560 000 706 0 1248 
61.95 Let @6.6 00D 920 2 1454 
26 9S Sel @7.9 4.5 11.6 e L845 
63 6K 394: -9.9 6.0 15.5 02a95 
64.45 6.9 ~11.4 700 18.5 228340 





(3 ) 


(4) 





Rum 9 hecentricity = = Oa0 
edele on ea o1,9 060 1.9 
59.52 Ost ~2,8 0.5 2.9 
44.82 0.8 —3.62 0.9 3.5 
49.67 0,9 ~4,1 1.5 4.9 
52.67 1.2 @4,9 1.7 6,0 
54.67 1,3 @562 2.7 ho0 
56.67 268 =6.0 2.5 865 
38.67 Sel -7.1 50S 10.8 
59.95 4.0 -8.0 4.0 12.0 
60.95 4.9 -20 4.6 15.9 
61.98 Cel 10.8 5.7 16.4 











(1) (2) (SJ (4) (5) (GC) 




















Run 10 Eeeontricity :- = 0/086e. 
291e 0.5 Po e8 Cot. wed 0962 
SIL ia ee 0.67 467 012196 
44,82 Leo 0S 1.1 6 ei2csS 
29467 Cet 2505 Lef Tel « 1550 
82.67 ooo 6.5 cod Det 1746 
54.67 805 o7.1 520 19.6 0957 
56.67 4,4 ~Cer eS 12.6 etree 
58.67 28 9.8 ie E 15.6 o 2660 
59.95 Tot ell.1 626 18.2 e80SS 

(1) (2) (3 ) (4) (5) (GJ 

Rua ii 4 = Lecentricity = -_ 9.0416 
ele om 22.5 068 ben 
89.82 Lee a5. 0.8 5.0 
44,30 1.7 -.6 dhe © 608 
49.67 ceo 4 5.8 0 Ben 
52.67 Sek =6.7 oe® 5 
54.67 4.9 «7.5 oe) 11.5 
56.67 4.3 5.7 Sel 15.5 
58.67 6.2 -10.2 HO 16.4 

ihe 














on (2) (SJ (4) (5) (6) 





re 

mm if Eecontricity ~ ‘= 0.0520 
O9eLe 0.9 22.3 005 wail altars 
OOeGe 1.4 @4.1 1.9 565 0 £400 


64652 eee #50 1.5 128 e 1G2e5 


49.67 500 “6.2 2209 Dee » L350 


52.67 303 @e7 ek Cel 1,0 e200 














Model D 


Stecl 3.5" root depth 0.5" tip depth 0.120 thiolness 











1) 2) S) 4) 5) 6) 
Critical Run Eecentricity = : 

3.5 

67.5 

92.41 
116.64 
140.% 
164,87 
175.24 
185. 49 
190, 49 

(1) (2) (5) (4) (5) (6 ) 

Run 1 Eocentricity =~ = 00,0015 

67.8 0.9 0.9 ={h wa 
116.64 1.5 “1.5 +0.1 an 
164.87 =2.0 =262 O.1 9.2 20012 
175.24 «2,0 268 0.1 0.3 20017 
185.49 1.7 =S el 0.5 1.4 e 0076 
187.49 =0.7 -f,0 1.5 Sed 0176 
188.47 +0.7 =H, 4 25 6.1 20324 





-37- 

















(1) (2) (5 ) (4) (5) (6 ) 
Ruan 2 Eccentricity = a 0.0026" 

67.8 0.9 “3.9 wolf Ce 

116.64 2.5 -1.5 =e &O~ 

164.87 «1.9 =f.2 10.2 40.3 .0018 
175.07 «1.8 ~2.7 0.2 0.9 0051 
178.87 ~1.8 “2.9 0.8 el = - 0062 
180.87 <1.7 ~3.0 0.6 Le 
182.87 1,5 ~5.2 0.8 1.7 0093 
184,87 1.2 “3.5 1.1 2.4 ,0150 
185.87 0.9 “3.9 1.2 5.0 0162 
186.57 =0.7 -4,1 1.5 $.4  .0182 
186.87 0.5 =263 1.7 4.0 0214 
187.87  <O« @4.9 2.0 4.9  .0261 
187.87 0.5 “5.5 2.4 5.8 0309 
188.837 2 ~6.1 3.1 70S 08388 
188.87 2.6 -762 4.0 9.8  .0519 

(1) (2) (3) (4) (8) (6) 
Run $ econtricity= = 0.0052 - 

G7.8 0.9 “0.9 oC ale 

116.64 1.5 ~1.6 “- 2.3 .0026 
164.87 1,8 -2.4 +0.5 0.6 .,0036 
175.26 1,4 ~3.0 0.5 1.6 0092 
178.24 1.2 “5.1 0.6 1.9 0187 
180.24 1.2 =S.4 1.9 2.8  .0128 
182.24 0,9 =3.9 gl S.0 0164 


25 8= 

















(1) (2) (5 J (4) (5) (6) 
Run S (cont'd) Pecontricity = = 0.0052. 
184.24 0.2 @4.5 1.6 4.1 00222 
185.49 +0.8 5.1 ek 54 20291 
156.99 1.2 6.0 529 Vee e 0386 
187.49 504 8.1 4.5 11.5 0614 
(1) (2) (3 ) (4) (5) (8) 
Run 4 Eccentricity = = 0.0078 
67.8 0.9 1.0 ou 0.1 0015 
116.64 1.5 -1.7 40.2 0.4 20054 
14.87 14 -2.8 0.3 1.4 20085 
169.87 1.3 @3.0 0.4 1.7 «0100 
175.24 -l.1 “368 0.6 2el ©0120 
178.24 «6.9 “5.7 Ll £08 20157 
180.24 0.6 o4,0 1.4 5e4 °0189 
182.24 2.2 ~4.4 1.6 4.2 «0250 
183.24 %0.2 4.9 220 Sed 0278 
184, 24 0.7 5.8 2.4 6.0 00526 
188, 49 1.7 ~6.5 Sel 8.0 0431 

Sel ~7.8 4,0 10.9 » 0584 


186.49 




















(1) (2) (5 ) (4) (5 ) (6 ) 
Pon 5 Eccentricity = = 0.0104" 
67.38 -0.9 -1.,0 ox 0.2 20015 
116.64 1.3 ~1.7 +0.1 0.4 0034 
140.95 1.5 ~2el 0.1 0.6 o 0043 
164.87 1.7 ~Led 0.2 1.0 0061 
169.87 1,4 02,8 0.5 1.4 » 0082 
175.24 eld -5.1 0.6 1.8 20108 
1768.24 ll 524 1.0 Cee 0129 
180.26 (0.9 #328 Lee 229 ©0161 
182.24 0.5 -<.1 1.4 5.6 20197 
184.24 +t0.1 -4.9 200 50 00271 
185.24 0.8 -5.5 205 6e5 20340 
(1) (2) (3) (4) (8) (6) 
Run 6. Ecooemtricity = = 0.0156" 

67.8 “0.8 «#l.1 Ore 0.5 2 0045 
116.64 e«l.l ~1.9 oon 0.8 » 0O6G9 
140.95 -1.2 “2.5 40.5 1.5 20092 
164.87 20.9 302 0.7 Led 20140 
169.87 0.8 ~5.7 1.0 2.9 0171 
175.24 0.2 ~4,1 1.4 Se9 0222 
178.24 40.2 #4,8 1.7 5.0 0280 
180,24 0.7 5.2 Cel 5.9 20327 
181.24 1,0 5.7 205 Ge7 20570 
182.24 1.6 6.0 207 726 0417 
185.24 Lek 6.8 Sel 9.0 0491 
184.24 2.9 -7.6 5.5 10.5 «0570 
185.24 4.1 8.9 Ge7 13.0 ©0701 





w80n 











(i) @3 (3 ) (4) (5) (6) 
Rm 7 Eccentricity = = 09,0208" 

67.5 0.4 81.5 0.1 0.9 0184 

92.41 0.5 “2.0 0.8 1.7 20184 
116.64 =0.2 <2.7 0.8 28 0214 
152.01 <0.1 8.2 0.6 S21 0285 
140.95 40.1 <=3.7 1411.0 &8 .0e70 
151.832 0.4 <4.2 1.2 6.6 .0304 
156.52 0.8 «47 15 55 0852 
161.57 1.2 ~5e1 1.8 6.8  .0890 
166.57 1.8  =5.9 22 77 .0462 
169.57 2.2 64 2.6 86 0807 
171586 2.8 47.0 82 9.8 .0570 
173.86 3.8 7.8 365 11.1 .0639 
174.86 8.8  =8.0 57 11.8 0675 
175.86 42  <-8.6 412 22.8 .0728 
176.86 47  ~=90 4.6 187 .0775 
177.86 5.2 «97 50 149 0838 





i. 








(1) (2) (3) (4) (5) (6) 
Run 8 Eccentricity = = 0.0260" 





67.59 0.8 “1.9 0.2 Cel 0512 
9241 0.4 2,8 0.4 Dee e 0846 
116,64 0.9 -5.38 0.3 4.7 » 405 
152.01 1.4 a4, 7 Lee Gel 0461 
140.95 1.9 5.5 1.5 Zee 0511 
151.82 ool =6.2 Col 8.9 20588 
161.57 4.1 8.1 See 2.2 20755 
164, 87 Sef -8.85 505 13.5 20820 
167,87 5.5 9,8 402 15.8 20912 
169.87 6.2 -10.8 &o9 16.5 0972 
171.87 7eol “11.5 5.5 18,4 01075 





“ (2) (3 ) (4) 5 ) 6) 
fun 9 Eccentricity = = 0.0812. 





67.50 08 <228 O22 25 0372 
02.41 0.8 3.1 O14 8.9 0682 
107.78 2 <39 0.8 Sel 0478 
116.64 1.5 43 1.0 58 0498 
132.01 21 <&3 1.8 74 20560 
140.95 2.7  -G.2 1.8 6&8 .0625 
151.82 5.7 «73 2.5 11.0 .0726 
156.52 483 <81 3.1 22.4 .0798 
161.57 5.3  <%5 5.9 146 40904 


166.57 6.8 #10.9 5.0 17.7 2 L062 























(1) (2) (3) (4) (5) (6) 
Run 10 Eccentricity = = 0.0564 
67080 04 “2.2 Ow 2.6 .0586 
92.41 0,9 =S.1 0.4 4.0 .0455 
107.78 1.2 3.8 0.6 5.0 .0464 
116.64 1.5 ~405 0.8 5.8 0493 
140.95 2.7 -6.1 1.7 8.8 0625 
151.82 53.7 @7.5 2.4 11.0 .0726 
(1) (2) (3) (4) (5 ) (6 ) 
mm ll  eeentricity = = ,0416" 
67.80 0.6 @2.2 0.2 2.8 0416 
92.41 1.0 oS .2 0.4 4.2 0455 
107.78 1.8 @4.0 0.7 5.5 0492 
116.64 1.8 04,6 1.0 64  .0550 
132.01 2.5 “5.4 1.4 767 0592 
140.95 2.9 -6.8 1.8 9.2 .0655 
151.582 4.0 @7.7 2.86 1.7 0772 
161.57 5.9 -9.8 4.0 15.7 0972 
166.87 7.2 12.2 5.2 184 °&.1104 











ee ~ = 0.0520" 





67.30 lel -2.7 0.2 3.8 0565 

92.41 167 “3.9 0.5 5.6 0607 
116.64 2.7 5.4 1.2 8.1 0695 
140.95 4.5 -7.9 285 12.4 .0380 
151.32 5.9 ~9.7 5.2 15.6 ¢ 1080 
161.57 8.8 12.2 5.2 20.5 421270 
171.86 15.6 18.0 8.8 51.6 184] 
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PODEL D 
MODSL C 
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4g indicated in tho Introcuction, Timeshetxo nas siowmn the 











theoretical bucitline load for the thin cantilever strut tapered to 


& point to ber 





ror strucs & end S. wthere e 
h = h 1 _- & 16@e fi]: « 


| | = 
and where a concentrated load is anolied at the end, 'm' has a tabulated 


value of 2.405 (Reference (1), p. 5), ands 


f = length 


h ye r 


i: 7 pee ~ 


» aS 


wheres h* depth 
D = t*ichness 


In tebuler form: 


0) dal") 2 CY £ Ge * (10° ) 


Se Ae CS Lf OE eC Se lee ee 


‘iodel 18 45 9.125 10.5 5.9 7,709 11,200 








Model b 8618 )=— G0 C5 





Or, the theoretical buckling loads for modols 4 and 3 are 68.9 Lose 
and 92.2 1lbs., rospectively. 


Paces 15 to 29 and ficuros “. and © show the dete in tabular a 





graphical form for models ‘1 ant 3. 


: =. 
Roferrine to the dete, wo find the erltical locds determined 


=m 4 
= 1 )= 











ow 


exnerimomtally for modoic 2 and 7 to te 71 ibe. aad 97.0 ¢bess eee 


pectively. im tabuler fora: 








e ~ ¢ y ar) 
fheorectice! itperimntal Tera. » SE BE oce. 
“odel may Coe D 2 we 7 Lei} Lee. 101.63 
‘fodel 38 G2eR Lim, OF ee im. 105-4; 


















Tae to evidence from -omwipell's method, chown oclow, 8¢ is 
believed that these exnporinontel criticel loads cre ver, close to 
tho true criticol loads. 

The difference vetwooen the theorstical and oxnorinental values’ 
16° fe1t to be due laryol:; to tho fect tt the portion of the acrims 
at the load ond, whore tic section >econes srmllest and where dorlec= 
Gion® might be cxnected to %e lerse, tad to be reinforced +» calle 
miteriel to rosist vending: near the end in the yeenlane an! to provide 
a soat for the imife ei¢n. Tho effeet of this reinforcement av the 
end carmot be accuretely taken into account. 

Additionel factors which micht ecuso minor devintions between 
the theoroticel cond exvorinental values ere (1) thicimoss varying 
from 0.1245" to 6.1255" throuchowt the model, (f£/ use o” tho mteriel 


! . ame ee 
values of Fand G, and (8) a possibly slichtly loncer effective lowth 





ze". (2) is small end enters as the square root of e cus term 
(2) enters as a square root. ) 

In view of the mnifest impossibilit-:. of loadinc «a ccrut at & 
“point, it is difficult to sec how the thoory migst 00 checked ols om 
lutely. However the cunll porcomtaze seperation of valucs indicates 


good corresvondéence »ebweon the exverimental and the theoretical Yaiuce 





for the type or strut considored. 
Yo fomwlee for calculatin;: she theoretical critical loadsa vor 


truncated struts, such as models C and 5, have cron rount. Ih section 17 








of Guic Wwsic Or atten’ hes ocen Made tO G@REYG Bic — oes 
and the experimental criticel loads for tiese models arc Commerem 

With the critiehl values cal culgved. 

“aeures DB, 9, *, @ud fi slow plots eo dirs Perenec/? ve differences. 
Southwell has pointed out tmt in the easo of coh loads, (1) those 
lines should be strmight and (2) their slopes should ogual the critical 
load, rocerdiess of eccontricity. An oxtension of this usthod to che 
loadin; undes consideretion was suprested. 

On theee fisures it will »%o noted thet a set of noints from the 
same run, whilo havin: ve otreizht rortion, pmerally curve toward the 
low end of the set. This curvature has been ne clectod, and the streirc't 
lines havo been drawn, with the followince exnlanoation. 

I will be noted tint this deviation from c straiz't lino increasos 
generally with tho eccentricity. ‘or these sets of points vill ond 
do in a straicht line insofar ac they reprosemt roints on a lyper>olic 
curve of P vs differonee, (figures i, C, T, and Gj. Referring to thesc 
figures woe soe that these curves vary from the hyperbolic form in the 
low ranre of difference, where they all toush the ordinate at P. “or 
the hirher values of v, the curves aro very much more truly hyporpolic 
than for the lav values, due to the mature of the curves. Accordingly, 
only the voints at tho hicher values of difference should »e considered 
in dravin. strai;'t lines renresentin. the set of soints 

Coneiderine the stmi.’t lincs amroximting the sets of voints 
for various eccentricitics, we find the slopes of these lines are 
approximately parelicl for all rons and that they cive valuos of P 


cr 
ag follows: 











(pire. )/(piet. /P) ~ 


Medol (25-5 )/(0.8560 © 0.0795) = 725 los. (Figure B, Rr 1) 
Medel B (50010)/(0.5475 = 0.1420) = 97.2 lbs. (Figure D, Rm 29) 


Modol C = (155 )/(0,2550 = 0.0868) © 67.5 los. (Figure FP, Bum 0) 


{! 


Model D (20-10 )/(0.6059 = 0.0542) ~ 198.2 los. (Figure H, mm 6) 


Compering the critical leads detormined oxperinontally with those 


determined by Soutiwell's mothods 


Rxporimontal § Soutlwrell Soutien 3 of }xp. 
Model A 71.0 1bs. 72.5 ibs. 101.83 


lodel 3B 97.2 lbe. 97.2 lbs. 100.0% 
Hodel C 66.9 lbs. 67.3 da. 100.7% 
Hodel D 190.7 lbs. 198.2 lbs. 101 44 


we find very close adheronce for the modcis tested. In overy case 
the Soutiwell lines shov c somewhat proater critical. This is cone 
siderod due to the fact that in loading for critical on tho zoro linc, 
the true exporimental critical loadiv-rc wes not reached. 

Tho conclusion reached, based on the information ovteined fron 
theae models, is that for these types of strut it is possitle to ovtain 
the critical load fron a fey test points, without first determining 
the senter point of tho strut, and without coin: to loads which micht 
cause the yield etrenct): to bo excoeded. In such a detormination it 
will be inportant, (1) to uso a smell eccentricity, or (2) to tako 
points from hichor loadings only. 

The prooodure would be to set un the model in a mamor siniler 
to that showrm heroin, place tho point of loading fairly close to tie 


model center, apnly loads, arr! measure the deflections (angle of twist ) 
; 








vs the various loadings. Divide the deflections by the loading and 
plot vs the deflection. The slope of this line will give the critical 
load for that strut. 

Page 45 gives the tabular form and page 54 civea the crephe 
ieal form of ecoontricity vs Gs, where G,. represents tho displacement 
of the DIFF./P vs DIFF. lines where they cross the DIFF. axis. While 
a, is considered as some function of the eccentricity it mst be pointe 
ed out thet conmiderable error my easily be introduced into the exe 


perimental determination of ¢ First, if the eccontricity introduced 


4° 
is not as estimted or caleulated, the entire set of values determining 
the plot of P vs DIFF. will be {n error, thus introducing an error in 
the curves which determine the values of G, In the second place, the 
. Lines devermining ¢, (especially for high eccentricities ) are approx= 
imations to sets of points which do not have a well defined straicht 
portion, An error in the slope of any DIFF./P line will introduce 
considerable error in the G, for that giheuentie. a, should be more 
representative as a monsure of eocentricity for the laver range of 
eccontricity. 

Considering the data shown, we — that the date for models 
A and 5 wes plotted to the same scale, and hence we should expect san 
correlation between the curves of a, vs eccentricity, These curves for 
models A and 3 do show a marked degree of similarity. This similarity 
is emphasized by comparison with the curves for models C and D, whose 
points are derived from lines drawn to different scales, but whieh 
still show the same general trend as models A and 3. 

From the data available in this experiment it is impossible 
to toll whether the double curvatures shown in Pigure I are inherent 
in the problem, or are due to cm consistent error in the experinental 


setup. 








Veo THEORGTICAL INVESTIGATION 
Ae INTRODUCTION 

‘Ag a theoretieal problem it wes proposed to derive a forma 
that would handle the oritical lead for lateral wekling of thin struts 
of seantattiilelnees whioh are sither tapered to a point or truncatod. 
the triangular case hag been well presented uy Timethenko in Theory of 
Elastie Stability. However very little work has been presented for the 
aposifiec problem of truncated atruts. Federhofor (Reference 2) has 
presented a solution to this problem which is complicated by the fact 
that it is presented using constants worked out for specific taper 
ratios. The solution in this paper is congidered more flexible in 
that it may be solved directly by substituting the physical and mterial 
values of the model. 

In this solutia resort wae mde to Rayleigh's principle 
which is discussed in the next part, B. 

Part C presents the derivation of the formia. 

Conolusiona are presented in part D. 

Be DISCUSSION OF RAYLEIGH'S PRINCIPLE (REFFRENCE 4) 

Tho general idea of Ryleigh's principle is that the potential 
onergy must be equal to the external work done. In relating this to the 
test for stability we have a structure in equilibrium under load. This 
will only ro out of equilibrium if the setup is acted upen by none dise 
turbing forces, ealled F. The deformation produced will be caused by 
two energics: W, tho work done by the original load and V, the strain 
potential energy acquired in tho deformation. Let Ef be the work done 
by the disturbing foree and T be the kinetic energy acquired by the 
setup. By the vrinciple of the conservation of energy we can write: 


Reference 4: G.R.J.Temple and W.G.Bickley, “Rayleigh's Principle and Its 
Applications to Engineering", Oxford University Press, London, 1955. 








WHE = V+? 


Tf will have to be greater than or equal to 0. Now if V > W, the 
energy difference, Y = W, will be supplied by the disturbing forces. 
Reformation occurs only when these forees are of sufficient menitude. 
But if V + W, the work done ty the disturbing forces, no matter har 
email will ail be converted into kinetio energy. Therefore, the 
eriterion for stability is tht V > W for all deformations. 


The general equilibrium condition for a eantilevor beam, 


leaded as shown belar, is 
2 








where ; 
d = the angle of twist 
C = flexurnl rigidity about seaxig 
B= flexural rigidity about y-axis 
A = tors formal rigidity 


G = eagging couple 


The eritieal condition for stability is civen bys 


-6l- 








C. SOLUTION FOR CRITICAL LOAD OF TRUNCATED BEAM OF CONS TANT 
THICKNESS AND LINEAR TAPER LOADED AS SHOWN 


+} 
a as 





Assumptions « | 

1. Within elestic regime. 

2. Torsional rigidity varies lincarly. 
The flexural rigidity about the reaxis: 


gence L<x <(L' +L). . 


lotr | 
Cp =< at fixed ona. 
At any place on the beams 
C= op Orr) 
The torsional rigidity (Reference 5): 
Reference 5: S, Timoshenko, "Theory of Blasticity", p.249, McGraw-Hill, 1954. 


~o2~ 








td 
4= 3 (1 - o.0s0 £ ae" men 7 )H 
| as 


7M 


Lote 
" = Pat fixed end. 


At any place on the beam, assumes 
x 
FT ( Lr a 
The general differential equation for the equilibrium condition iss 


*4 4 As G4. 
Ax iH a Cx ? * 


Where s 


G=P (x » L') 


Novy 
en, . Ge 
ax kek! 
ety Fal 
As Ao me x-c 7 ist) Ae 
a (ci) EK + +k! a + = 2 oe Se 
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Higher order derivatives give no further boundary conditions. 
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In the differential equation, leat 
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where y goes fram 0 to L. 
We have five boundary conditions and therefore select a 


series assumed to represent > curve of the form: 
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Integrating and simplifying: 
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For triangular struts, L'=0, ¥ = 0, 
; | - 
wheret » =& » r= 4.8, L=18 , B= 20.5 (20° ), H= 5.9 (20°) 
P = 72.7 lv. 
or 
and where: h= 6.0, other values remiining the sames 
Por” 9765 lbs. 
For truneated st wheres b, = b. = fy : = 0.5. 
’ ruts, ebb “sg A= 5.5 b= 0.5 


t{.=s) L=3s E=20.5 (10°) B= 5.9 (20°) 


= = 62.8 lbe. 


and where: B= SO (16°), H= 11.5 (10°), othor values remining the 
Same 3 


P = 179.3 lve. 
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~ De CONCLUSIONS 


The theoretical values obtained by use of the forma above 


may be compared with the experimental values for the varioua etrute 
tested. In tabular forms 


ae 
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Experimental Theoret ieal Theo.*. 4 of Expe 


Model A 71.0 Lbs. 7207 1be. 102.3 % 
Model 3B $7.2 lbs. 97.5 lbs. 100.2 % 
Model C 66.9 lba. 62.8 lve. 93.9 % 
Node} D 190.7 lbs. 179.8 lbs. 94.1 % 


Due to the fact that the models has to be built up at the 
end (in the case of the triangular struts to prevent bending and to 
previde a seat for knife edge, and ih the case of the truncated struta 
to provide a seat for knife edge) the theoretical values should be 
under the experimental value for ail struts. 
In ali bande we have assimmd that the torsional rigidity 
varies linearly with the length. Actwlly the torsimmal rigidity 
varies as follows: 
= ’ 
c He (le 0.680 F p ay “s tax a He 
Examination of the formula shows that for very smll values of h, such 
as ccour at the tip of. triangular struts, the torsional rigidity. be= 
oomes smiller than would be predicated by linear variation of toraianal 
rigidity, thus making Se for these etruts high. 
This explains the greater value of our theoretical over experimental 
values for modela A and B. 
For the tmmoated struta this effect is not so great, and as 
one would expect the theoretical values are wider the experimental velues, 
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2. Detail of fixed end 
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